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Electronic structure of Co-Pt alloys: X-ray spectroscopy and density-functional calculations
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The K andL2,3 absorption edges and core-level binding-energy shifts for pure Co and Pt, and Co-Pt alloys
are measured to investigate the changes in electronic structures of Co-Pt alloys. The results agree well with
those of the first-principles calculations of the electronic structures by using a full-potential linearized-
augmented-plane-wave method. It is found that there is an enhancement of the hybridization between the Co
3d and Pt 5d orbitals upon alloying. Consequently, as the Pt concentration increases, both Pt and Co gainsd
electrons, and there is a concomitant decrease ins andp electrons at both sites. This enhanced hybridization in
the alloy leads to a net charge transfer from the Co to Pt site in accordance with the predictions based on the
electronegativity. For the core-level shifts in Co-Pt alloys the initial-state effects are more important to the Pt
4 f level, while the relaxation effects play a more important role for the Co 2p level.
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I. INTRODUCTION

Co-Pt alloys, which are composed of a ferromagneticd
transition metal and paramagnetic 5d element, have attracte
much interest because of their high chemical stability a
large magnetic anisotropy. When Co and Pt form binary
loys, ordered crystalline phases are possible at three stoic
metric compositions, i.e., CoxPt12x with x50.25, 0.5, and
0.75; cubicL12 type for x50.25 and 0.75, and tetragon
L10 type for x50.5. The chemical ordering and magne
properties of the Co-Pt alloy systems have been extensi
studied.1–4 Recently, it was found that ion-beam mixing o
Co/Pt multilayered film under an external magnetic field
to the formation of a metastable phase with a measured m
netic moment per Co atom of 2.63mB , which is one of the
highest values ever observed in the ferromagnetic b
phase.5 Since the magnetic properties are closely related
the electronic structures, there are several first-principlesab
initio calculations of the electronic structures of these al
systems.6–9 Kootte et al.8 calculated the spin-polarized ban
structures of CoxPt12x alloys withx50, 0.25, 0.5, 0.75, and
1, and the results were used to deduce various ground-
properties such as the total and spin- and angu
momentum-decomposed density of states~DOS!, magnetic
moments, charge transfers, and so on. The calculated m
netic moments are in good agreement with experiments,
the moments of the Co atoms and the induced moment
the Pt atoms do not vary significantly withx. It was also
shown that there were strong indirect exchange interact
between Co magnetic moments via one intermediate Pt a
as well as direct Co-Co interactions between the nearest
next-nearest neighbors.
0163-1829/2003/68~23!/235111~7!/$20.00 68 2351
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However, the experimental study of the electronic stru
tures of Co-Pt alloys has been performed to a less ext
From the results of the spin-polarized band-structure ca
lations, it is generally accepted that there is a small cha
transfer from Co to Pt in the alloys.6–8 On the other hand, in
order to understand various effects of the electronic cha
distribution of the CoxPt12x alloys with differentx’s in de-
tail, it is desirable to investigate the electronic structures
perimentally as well as theoretically.

To study the electronic structure changes and, as a re
the charge redistribution between Co and Pt in the Co
alloy systems, we employed x-ray-absorption spectrosc
~XAS! and x-ray photoelectron spectroscopy~XPS! tech-
niques which provide a better understanding of the electro
structures and the charge distribution of the specimen.
interpretation of the experimental results was further s
ported by the theoretical electronic structure calculations
using a full-potential linearized-augmented-plane-wa
~FPLAPW! method. As a preliminary result of this work
changes in the Pt 5d5/2 and Co 4p states of Co-Pt alloys hav
been briefly published elsewhere.10 This paper is organized
as follows; the experimental procedures and theoretical
tails are presented in Secs. II and III, respectively, the res
and discussion are given in Sec. IV, and the paper is c
cluded in Sec. V.

II. SAMPLE PREPARATION AND EXPERIMENTAL
PROCEDURES

Bulk CoxPt12x alloy samples withx50.25, 0.5, and 0.75
were prepared by comelting. X-ray diffraction~XRD! was
©2003 The American Physical Society11-1
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TABLE I. Parameters used in the FPLAPW calculations. The last column (VMT /Vcell) is the fraction of
volume occupied by the MT spheres. ‘‘N/A’’ stands for ‘‘not applicable.’’

Space a c vol./atom RMT
Co RMT

Pt VMT /Vcell

group ~a.u.! ~a.u.! (a.u.)3 ~a.u.! ~a.u.! ~%!

a-Co P63 /mmc 4.7377 7.6885 74.73 2.354 N/A 73.6
Co3Pt Pm3m 6.9232 N/A 82.96 2.415 2.481 72.6
CoPt P4/mmm 5.0817 6.9939 90.30 2.473 2.541 73.1
CoPt3 Pm3m 7.2830 N/A 96.57 2.506 2.575 73.9
Pt Fm3m 7.4136 N/A 101.87 N/A 2.621 74.1
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carried out for the structural analysis. The crystal structu
of samples were confirmed to be ordered phases; AuCu3 type
(L12 phase! for x50.25, AuCu type (L10 phase! for x
50.5, and AuCu3 type (L12 phase! for x50.75. CoK- and
Pt L2,3-edge x-ray-absorption near-edge spectrosc
~XANES! spectra were obtained at the 3C1 EXAFS be
line in the Pohang Accelerator Laboratory.

For XPS, 2p and 4f core-level spectra of the alloys wer
taken in PHI 5700 ESCA system. Each sample was clea
in situ by Ar1 ion bombardment to remove contaminat
surface layers. The sputtering was done with the 3 keV A1

ion beam~current;1 mA) in a pressure of 331027 Torr.
After the Ar-ion sputtering of the sample surface, the co
position of the surface layers might be different from that
the bulk. However, since this alloy does not belong to
surface-segregation system,11 the error due to segregation,
any, would be very small. We thus used the bulk values
the alloy concentrations. The other experimental details
given in Ref. 10.

III. ELECTRONIC STRUCTURE CALCULATIONS

The electronic band structures of CoxPt12x (x50, 0.25,
0.5, 0.75, and 1! alloys were calculated using a FPLAPW
method12 within the generalized-gradient approximatio
~GGA!. All the calculations were spin-polarized ones wi
the spin-orbit interactions included in the self-consistent
erations. For the case of pure Pt we also performed the s
polarized calculations to ensure the consistency with o
alloys and pure Co. For the exchange-correlation effects
used a GGA version of Perdew, Burke, and Ernzerhof.13 Fol-
lowing bands are treated as valence: Co 3p, 3d, 4s, and 4p,
and Pt 5p, 5d, 6s, and 6p. The atomic core density and
hence, the core levels were calculated fully relativistically
each iteration. We used the experimental lattice consta
The muffin-tin ~MT! radii of the atomic spheres are dete
mined in such a way that all the spheres are almost in con
for the pure Co and Pt metals and equiatomic CoPt alloy.
MT sphere of Co~Pt! atoms are also almost in contact f
Co3Pt (CoPt3) alloy. In the case of equiatomic CoPt allo
(L10 phase! they are naturally determined to satisfy the r
lationship,RMT

Pt /RMT
Co 51.0275, whereRMT

X is the MT radius
of atomX (X5Co or Pt!. We used this ratio for the determ
nation of RMT

Co and RMT
Pt for Co3Pt and CoPt3, respectively.

The parameters used in the calculations are summarize
Table I. To calculate the Pt 4f and Co 2p core-level shift
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~CLS! we employed a single-cell model by introducing
fractional number of core hole.14 This approximation is
known as the ‘‘Slater’s Transition State.’’15 The numbers of
inequivalentk points in the irreducible wedge of the prim
tive reciprocal unit cell for the self-consistent-field calcul
tions are 392 fora-Co, 528 for CoPt, 405 for Pt, and 288 fo
Co3Pt and CoPt3. These large numbers ofk points are nec-
essary to ensure the convergence of the Kohn-Sham ei
values for accurate core-level calculations. For the calcu
tions of the DOS an improved linear-energy-tetrahed
method16 with a finer mesh of irreducible wedge was em
ployed.

IV. RESULTS AND DISCUSSION

Figure 1 shows the CoK-edge absorption spectra for pu
Co and Co-Pt alloys. These spectra were background
tracted by fitting the preedge background using the le
square method. The spectra were then normalized with
multiplication by a factor which makes the continuum st
equal to unity at the higher energy region.

When the Pt content increases, peaks denoted asa andb
in Fig. 1 exhibit a change in strength. The variation of t
peak strengths can be discussed in terms of the charge r

FIG. 1. CoK absorption edges of CoxPt12x alloys ~solid lines!
and pure Co~dashed lines!.
1-2
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tribution between Co and Pt atoms in alloy. The evolution
the threshold peaka upon alloying mainly reflects the chang
of the 3d character of unoccupied states.10,17,18Therefore, we
could obtain some information for the change of Cod
states from the peaka of Co K-edge spectrum indirectly eve
though it would be more evident if the change of Co 3d
states in alloy was estimated from the CoL2,3 absorption-
edge spectra, which reflect the direct 2p→3d dipole transi-
tion. In addition, the evolution of the main peakb reflects the
change of the 4p character of the unoccupied states.10 These
peaks are sensitive to an alteration in the DOS up
alloying.19 The variation of the peak areasDA is presented
in Fig. 2 as a function of the Co concentration. TheDA’s
were calculated by integrating the difference spectra in
appropriate energy range~cross-hatched areas of Fig. 1!. The
difference spectrum is the difference between the spect
of the respective alloy and that of elemental Co. Therefo
DA could be either positive, when the absorption is stron
in alloy than in elemental Co, or negative, if the situation
reversed.

As shown in Figs. 1 and 2,DA of the main peakb in-
creases as the Pt concentration increases. This means th
number of occupied states of the Co 4p electrons decrease
upon alloying. On the other hand,DA of peaka is reduced
~becomes more negative! as the Pt concentration increase
implying that the Co 3d states are filled upon alloying. Thi
interpretation will be further discussed in conjunction w
the results of the FPLAPW calculations. The absorpt
cross section in theK-edge spectra of transition metals a
strongly influenced by thep-d hybridization due to the un
occupiedd bands; in the system with a weakp-d hybridiza-
tion, the p-like DOS is strongly reduced and theK-edge
threshold is depressed.20 Therefore we ascribe the reductio
of the Co 4p states and the depression of peaka to the
weakenedp-d hybridization at the Co sites upon alloying.

Figures 3 and 4 show the PtL2- andL3-edge absorption
spectra, respectively, obtained for pure Pt and Co-Pt allo
These spectra were also normalized in a similar way to

FIG. 2. Variation of the areas of the CoK-edge peaka andb in
Fig. 1 as a function of the Co concentration.
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case of the CoK-edge spectra. In pure Pt, theL2-edge white
line ~WL! is absent as in theL3 edge of pure Ag.21 Since the
Pt L2-edge spectrum is governed mainly by the 2p1/2
→5d3/2 transitions and no 2p1/2→5d5/2 transitions are al-
lowed based on the selection rules, the absence of WL i
cates that there is no 5d3/2 hole in pure Pt.22 Upon alloying,
the strength of the PtL2 WL feature is built up with respec
to pure Pt, as shown more clearly in the inset of Fig. 3.

On the other hand, the PtL3-edge absorption spectra i
Fig. 4 are quite different from those of the PtL2 edge. In Fig.
4, the zero of energy is assigned to the WL maximum po
of each spectrum because the WL maximum correspond
the Fermi levelEF of pure Pt, where the unoccupied final 5d

FIG. 3. X-ray-absorption spectra for PtL2-edge of pure Pt and
Co-Pt alloys.

FIG. 4. X-ray-absorption spectra for PtL3 edge of pure Pt and
Co-Pt alloys.
1-3
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states have a narrow bandwidth.20 As shown in Fig. 4, the
strength of the PtL3-edge WL feature is reduced drastical
compared to that of pure Pt as the Co concentration
creases. Although theL3 near-edge spectrum probes t
2p3/2→5d3/2,5/2 dipole transitions, the PtL3 near-edge spec
trum includes only the unoccupiedd5/2 character,23 owing to
the absence of the PtL2-edge WL, that is, the nonexistenc
of the 5d3/2 holes in pure Pt. Therefore, the reduction of t
Pt L3-edge WL strength indicates that the unoccupiedd5/2
DOS projected onto the Pt atomic sphere is diminished as
Co concentration increases upon alloying. In addition, si
the strength reduction means that the hybridization of thd
states becomes stronger, the decreasing PtL3 WL area in
Co-Pt alloys reflects the fact that the Pt-sphere-projec

FIG. 5. DA of the PtL2,3-edges WL as a function of the C
concentration.
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Co-Pt hybridizedd states increases. This result agrees w
with our calculated results below, as well as those of Koo
et al.8 In Ref. 8, it was concluded that there is a very stro
hybridization between the Co 3d and Pt 5d orbitals by ana-
lyzing the results of theab initio spin-polarized band-
structure calculations.

To understand better the change in 5d state at the Pt sites
DA of WL, defined in the same way as for the CoK-edge
absorption spectra, is shown in Fig. 5 as a function of the
concentration. It is very interesting thatDA’s of the PtL2-
and L3-edge WL have opposite signs. For the PdL2- and
L3-edge WL of Pd-Ag alloys the signs are identical.21 In
spite of the opposite signs, the absolute magnitudes decr
as the Pt concentration increases, and that of the PtL2 WL is
relatively larger. This may indicate that the number of Ptd
empty states increases as the Co concentration incre
and, considering the opposite signs, we can conclude tha
5d3/2 states are depleted and the 5d5/2 states are filled at the
Pt sites upon alloying.

From the above experimental results, we can find a cha
redistribution in Co-Pt alloys; the occupied Co 4p DOS de-
creases and the occupied Pt 5d and Co 3d DOS increases as
the Pt concentration increases. However, one should be
cautious in interpreting the charge redistribution correctly.
shown in Figs. 2 and 5, the sign ofDA for the Co 4p (3d)
electron is positive~negative!, and that of the sum ofDA’s
for the PtL2- and L3-edge WL is positive. It implies that
upon alloying, Pt loses a fraction of its 5d electrons with
respect to elemental Pt, while Co gains 3d electrons with a
concomitant decrease inp electrons with respect to element
Co. Nevertheless, without the results of electronic struct
calculations, we are not able to know about the net cha
transfer between Co and Pt sites upon alloying in det
Therefore, we performed the electronic structure calculati
using a FPLAPW method as aforementioned and prese
lloys.
n the
TABLE II. Angular-momentum decomposed electron numbers in each atomic sphere of Co-Pt a
QMT is the total charge inside the MT spheres. The interstitial charge ‘‘INT’’ is the difference betwee
total charge, obtained by the ‘‘AIM’’ method described in the text, andQMT . nQTOT is the amount of total
charge transfer. N/A stands for not applicable.

Atom a-Co Co3Pt CoPt CoPt3 Pt

Co 3d 7.2279 7.2768 7.3323 7.3612 N/A
4s 0.4694 0.4714 0.4723 0.4543 N/A
4p 0.4747 0.5009 0.5225 0.5120 N/A
4 f 0.0353 0.0448 0.0548 0.0578 N/A

INT 0.7805 0.4851 0.2584 0.1163 N/A
QMT 8.2194 8.3113 8.4017 8.4068 N/A

nQTOT 0.0000 20.1991 20.3383 20.4685 N/A
Pt 5d N/A 7.4947 7.6176 7.6901 7.7918

6s N/A 0.5779 0.5839 0.5755 0.5715
6p N/A 0.4362 0.4747 0.4917 0.5124
5 f N/A 0.0523 0.0648 0.0766 0.0897

INT N/A 1.9999 1.5797 1.3176 1.0052
QMT N/A 8.5753 8.7614 8.8587 8.9948

nQTOT N/A 0.5972 0.3383 0.1562 0.0000
1-4
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various information obtained from the calculations in Tab
II.

Table II summarizes the angular-momentum-decompo
electron numbers in each atomic sphere. The difference
tweenQMT and the sum ofs, p, d, and f components is the
electron number with the angular momentum higher thal
53. The topology of the electron density was analyzed
cording to Bader’s ‘‘atom-in-molecule~AIM !’’ theory24 to
get the ‘‘total’’ charge. Although there is no consensus for
method to calculate the total charge belongs to a partic
atom in an alloy, the AIM theory can be considered to b
reasonable choice for defining the real total charge that
longs to the respective atom.

It is noticed that the theoretical results confirm the int
pretations of the experimental results by XANES, i.e., b
the Co 3d and Pt 5d states are filled as the Co concentrati
decreases. The number of 4p electrons inside the Co MT
sphere, however, increases as the Co concentration
creases. Although this tendency of the calculational res
seems to be opposite to the experimental results, one ca
that the Co 4p states are also in accordance with the exp
mental results, if the charges in the interstitial region
properly taken into account. Since thed electrons are fairly
well localized, the charges in the interstitial region must
mostly s andp characters. Assuming that the ratio ofs elec-
trons top electrons in the interstitial region is the same
that in the MT sphere, the number of 4p electrons belonging
to the Co atom decreases as the Co concentration decre
confirming the experimental results. This electron redistri
tion in the alloy leads to a net charge transfer from the Co
Pt sites~see rows designated asQTOT in Table II!. The cal-
culated net charge transfers to the Pt site in Co-Pt all
satisfies the electronegativity requirement, and are q
similar to the results of Ref. 8.

Both the DOS effects and the transition-matrix-elem
effects should be taken into account in the interpretation
the XAS spectra. Since we have considered only the D
effects in our interpretation of the XAS data, one may s
pect our interpretation. In order to wipe out this skepticis
we have analyzed the angular momentum and site dec
posed DOS. Figure 6 shows the differences in the unoc
pied Cod DOS between Co12xPtx alloys and pure Co. We
applied the Gaussian broadening to the DOS curves with

FIG. 6. Differences in Cod DOS between Co12xPtx alloys and
pure Co.DNd(E)[Nd

Co12xPtx(E)2Nd
Co(E). Inset shows the differ-

ences in Cop DOS.
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lifetime of 0.3 eV. In the 0.7–2.0 eV energy range aboveEF ,
which corresponds to the peaka in Fig. 1, the Cod-DOS
decreases as the Pt concentration increases. This decre
due to the movement of the minority-spin Cod bands located
at ;1.2 eV aboveEF in pure Co towardEF , indicating an
increase of the Cod-electron occupation upon alloying wit
Pt. In this region the unoccupied Cop DOS also decreases a
the Pt concentration increases~see the inset of Fig. 6!, while
it increases in the 11–16 eV energy range, correspondin
the peakb in Fig. 1. Since it is hardly believable that th
wave functions of the Cod electron change significantly
upon alloying, the transition-matrix-element effects are n
very important at least for the change in the XAS spec
upon alloying. Therefore, we can safely conclude that
change in the XAS spectra upon alloying is predominan
determined by the change in DOS.

Generally, it is well known that the changes in valen
state are dominantly determined by the hybridization
tween neighboring atoms upon alloying, leading to CLS25

According to Ref. 26, CLS occurs as a result ofEF shift,
atomic volume change, squeezing of valence electrons,
↔valence repulsion, screening effects, and so on. For
simplicity, we can categorize all these effects into the initi
and final-state effects. The initial-state effects can be mo
determined by the interatomic charge transfer and the in
atomic charge redistributions. The intra-atomic charge re
tribution is sometimes called as the configuration change.
Pt 4f and Co 2p CLS’s measured by XPS are given a
nBexp rows in Table III.

As shown in Table III, the Pt 4f 7/2 and Co 2p3/2 XPS core
levels shift toward the higher and lower binding energy
alloys, respectively. These observed CLS are opposite to
prediction of the general rule.26 If an atom loses a part of its
electronic charge, the core levels in general deepen, i.e.
binding energy increases. Since the positive nuclear ch
does not change, while the valence electronic charge
creases, the remnant electrons feel stronger attraction, re
ing in increased binding energies of core levels. Since P
more electronegative than Co~2.2 for Pt and 1.8 for Co in
Pauling’s value27!, one would expect that the Pt core leve
shift toward the lower energy, resulting innBexpt for Pt
negative. For the Co atoms the argument is reversed.
though the measurednBexpt’s for Pt and Co are positive an
negative in alloys, respectively, the sign of the respect
values ofnBexpt seem to be opposite to the tendency e
pected by the general rule. One should note that, howe
these arguments can only be applied to the initial-state
fects to CLS.

It is notorious that the local-density-approximation calc
lations of core-level binding energy does not properly rep
duce the experimental results, such as XPS. The final-s
effects, or relaxation effects, should be considered in ana
ing CLS. However, we can treat the difference between
Kohn-Sham eigenvalues of elemental metal and alloy as
initial-state effect to CLS.28 These results are summarized
Table III asnBi . nBi is defined as

nBi[~EF
alloy2Ecore

alloy!2~EF
pure2Ecore

pure!, ~1!
1-5
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TABLE III. Core-level binding energy shifts (nBexp @eV#! for Pt 4f 7/2 and Co 2p3/2 obtained from the
XPS measurements and the calculations. The subscripts ‘‘expt,’’ ‘‘i,’’ and ‘‘r ’’ stand for experimental value,
initial-state effect, and final-state or relaxation effect, respectively, andnQp is the fractional number of
electronic charge promoted to the valence from the respective core level to represent the partial co
effects~see text!. All the values are determined relative to the corresponding elemental metal.

Atom a-Co Co3Pt CoPt CoPt3 Pt

Co nBexpt 20.08 20.19 20.19 N/A
nBi 0.10 0.09 0.05 N/A
nBr 20.18 20.28 20.24 N/A
nQp 0.518 0.520 0.518 0.521 N/A

Pt nBexpt N/A 0.30 0.25 0.10
nBi N/A 0.23 0.21 0.20
nBr N/A 0.07 0.04 20.10
nQp N/A 0.535 0.540 0.555 0.585
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whereEcore is the Kohn-Sham eigenvalue of the core lev
The differencenBexpt2nBi is the final-state effects to CLS
~denoted asnBr in Table III!.

As was pointed out in Ref. 29, the valence contributi
~initial-state effects! to the CLS is mainly governed by th
change ind-electron occupancy, rather than the total num
of electrons or simplysp-electron number, in various alloys
It was further confirmed by several other reports.30 The d
electrons are more localized than thes and p electrons, re-
sulting in larger effects on the core electrons, and the vale
↔core repulsion is larger, owing to the larger angular m
mentum than thes and p electrons. This is the case in ou
samples. With the results of the FPLAPW calculations~see
Table II!, we can explain the Pt 4f and Co 2p CLS in Co-Pt
alloys. As can be seen in Table III for the Co sitenBi is
positive even though the Co 3d occupation number is in
creasing upon alloying. The magnitudes ofnBi is very small
compare to those ofnBr . Since the Co 2p level is quite
deep and more localized than Co 3d level, the wave-function
overlap is small and hence change in Co 3d occupation num-
ber has little effect onnBi . Moreover, the variation of Co
3d occupation number upon alloying is small~0.14 electrons
between pure Co and CoPt3). Therefore, it can be conclude
that for the Co site the variation in total number of electro
is more important than that of the Co 3d occupation number
in determination of the sign and magnitude ofnBr . On the
other hand, for the Pt site the magnitude ofnBr is much
larger than that ofnBi . Both experimental and theoretica
results indicate a reduced number ofd electrons at the Pt site
upon alloying, resulting in positivenBi in Pt atom. Since the
amount of the lost 5d electrons at the Pt site increases as
Co concentration increases, the magnitude of the Pt 4f nBi
increases. The Pt 4f level is not too deep and the wave
function overlap between the Pt 4f and 5d levels is signifi-
cant, Hence, the variation in the Pt 5d occupation number
produces more pronounced effects in determination ofnBi
than that of total number of electrons.

nBr is closely related tonQp , wherenQp is the charge
promoted to the valence band from the respective core le
An introduction of partial core hole to the core level enab
the Kohn-Sham eigenvalue of the respective core level to
23511
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precise reproduction of the experimental core-level bind
energy. We treat the fractional number of core-level electr
as the fitting parameter to exactly reproduce the core-le
binding energy measured by XPS.nQp is the difference
between the number of electrons for fully occupied co
level and that of partially filled core level. For the Co si
nQp is not sensitive to the Pt concentration. It is consist
with fact that CLS is dominated by the final-state effects
the Co site. For the case of the Pt site the arguments
reversed.

V. CONCLUSIONS

We performed XANES and XPS experiments of Co-
alloys to understand their electronic structures. It was fou
that, in Co-Pt alloys, there was a substantial increase in
area of the PtL2 ~unoccupiedd3/2 states! WL and a decrease
in that of the CoK-edge threshold~peaka in Fig. 1! with
respect to pure Pt and Co, respectively. From these res
we suggest that the hybridization between the Co 3d and Pt
5d orbitals is enhanced upon alloying, resulting in a loss
Pt d electrons and a gain in Cod electrons with respect to th
respective elemental metals. The observed shifts of the c
level binding energies by XPS agree well with the XANE
results, although they seem to be inconsistent with the g
eral rule of electronegativity. Using the results of th
FPLAPW calculations, we have estimated the direction
charge transfer in Co-Pt alloys. The calculations show t
there is a decrease inp-like conduction electrons and an in
crease ind electrons at the Co site upon alloying, which is
accordance with the experiments. In addition, the calcu
tions reveal that this electron redistribution in the alloy lea
to a net charge transfer from the Co to Pt site consiste
with the electronegativity rules. The Pt 4f and Co 2p CLS’s
in Co-Pt alloys, which are seemingly in disagreement w
the electronegativity predictions, can be explained by d
criminating the initial- and final-state effects with the aid
FLAPW calculations. For CLS’s of Co-Pt alloys the initia
state effects contribute dominantly to the Pt 4f CLS, while
the final-state or relaxation effects play a more important r
for Co 2p CLS.
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